We present microscopic and macroscopic magnetic properties of the highly frustrated antiferromagnet Ba 2 Sn 2 ZnCr 7p Ga 10ÿ7p O 22 , respectively, probed with NMR and SQUID experiments. The T variation of the intrinsic susceptibility of the Cr 3 frustrated Kagomé bilayer, Kag , displays a maximum around 45 K. The dilution of the magnetic lattice has been studied in detail for 0:29 p 0:97. Novel dilution independent defects, likely related with magnetic bond disorder, are evidenced and discussed. We compare our results to SrCr 9p Ga 12ÿ9p O 19 . Both bond defects and spin vacancies do not affect the average susceptibility of the Kagomé bilayers.
We present microscopic and macroscopic magnetic properties of the highly frustrated antiferromagnet Ba 2 Sn 2 ZnCr 7p Ga 10ÿ7p O 22 , respectively, probed with NMR and SQUID experiments. The T variation of the intrinsic susceptibility of the Cr 3 frustrated Kagomé bilayer, Kag , displays a maximum around 45 K. The dilution of the magnetic lattice has been studied in detail for 0:29 p 0:97. Novel dilution independent defects, likely related with magnetic bond disorder, are evidenced and discussed. We compare our results to SrCr 9p Ga 12ÿ9p O 19 . Both bond defects and spin vacancies do not affect the average susceptibility of the Kagomé bilayers. Geometric frustration in magnetism has proven to yield various original ground states in the past decade, from resonating valence bond (RVB) ''spin liquids'' to exotic freezings as spin ice. Most of these systems have in common a simple Heisenberg Hamiltonian with near neighbor (NN) antiferromagnetic interactions on a corner sharing lattice, e.g., the Kagomé lattice in two dimensions [1] . In the latter case and S 1 2 , the ground state is expected to be the long sought RVB state [2] . This opens not only the way to novel states in low-dimensional quantum magnetism [3] , but the RVB state has also been advocated in many fields of condensed matter such as high T c cuprates [4] or recently discovered cobaltites, where frustration is inherent to the triangular Co network [5] . Geometric frustration is also a rapidly developing field since, in the classical Heisenberg case, small perturbations such as disorder, anisotropy, or weak additional interactions lift the frustration-induced macroscopic degeneracy of the ground state [6] .
Thus far, there is no ideal experimental candidate for a spin liquid behavior, but a few, such as the newly discovered Ba 2 Sn 2 ZnCr 7p Ga 10ÿ7p O 22 compound [BSZCGOp] [7] , retain the essence of the expected features, e.g., a short correlation length [8] which prevents the occurrence of any long range order in a broad T range below the Curie-Weiss (CW) temperature CW , a large residual entropy [7] , and persistent fluctuations at T ! 0 [9] . The corner sharing magnetic lattice of BSZCGOp is made of well decoupled Cr 3 (S 3 2 ) 2D Kagomé bilayers only. Interestingly, the NN direct couplings between Cr 3 ions make the Hamiltonian quite close to the ideal Heisenberg case [10] . A spin-glass-like transition occurs at T g 1:5 K [7] , well below CW 350 K, which yields the highest frustration ratio f CW =T g 230 reported thus far in a compound where frustration is driven by corner sharing equilateral triangles [1] .
In comparison, the long-studied parent [7] , is likely to make the physics of SCGOp less 2D and complicates the search for the intrinsic Kagomé physics.
We present the first NMR study of BSZCGOp and show that the intrinsic susceptibility ( Kag ) displays a maximum at a temperature comparable to the NN Heisenberg coupling J. The similarity of the T variation of Kag with the case of SCGOp stresses the universal character of this maximum in Kag for Kagomé bilayers. As a local probe, Ga NMR, contrary to SQUID, offers a unique way to disentangle Kag from the contribution of ''magnetic defects'' to macroscopic susceptibility [10, 13] . This gives evidence for two types of defects, for 0:29 p 0:97: (i) the spin vacancies due to the Ga 3 =Cr 3 substitution which was shown to generate a staggered response of the surrounding magnetic background [10] and (ii) novel dilution independent defects, discussed here.
All the samples were synthesized by a solid state reaction of BaCO 3 , Cr 2 O 3 , Ga 2 O 3 , ZnO, and SnO 2 in air at 1400 C. They were characterized by x-ray diffraction, macroscopic susceptibility ( macro ) measurements, and 71 Ga NMR. The synthesis of pure samples with p > 0:97 failed. Indeed, in this case, x-ray diffraction shows a Cr 2 O 3 parasitical phase, and an extra kink of macro is also observed around 6 K. This sets the maximum of the Cr 3 lattice occupancy to a value of p max 0:97. Below p max , Ga substitutes randomly on the Cr1a; 6i site.
The two Ga 3 site environments (p 1), are displayed in the inset of Fig. 1(b) . The Ga2d site is coupled to 3p Cr1a and 9p Cr6i through neighboring oxygens.
Its local charge environment is approximately cubic, whereas the Ga2c site belongs to a tetrahedron elongated along the c axis and couples to 3p Cr6i.
We performed 71 Ga sweep field NMR experiments at constant frequency l 84:365 MHz, using a 2 --spin echo sequence. Two sites can be clearly identified in Fig. 1 with the expected ratio of integrated intensities close to 2:1. At 150 K, the double peak around the reference field H l 6:498 T in Fig. 1(a) is characteristic of a 0:53% slightly shifted 1 2 $ ÿ 1 2 nuclear transition, with second order quadrupolar powder pattern. The corresponding first order satellite singularities are clearly seen in the less expanded spectra of Fig. 1(b) . From these singularities, we extract a quadrupolar frequency 71 Q 12 MHz and an asymmetry parameter 0:042 [14] . The other line is more shifted 2% [ Fig. 1(a) Fig. 1(b) ] [15] . The intensity ratio, the very different quadrupolar frequency associated with different charge environment, and the analogy with SCGO allow us to identify unambiguously the Ga2c and Ga2d sites. Contrary to SCGOp, we could not identify any line typical of substituted Ga.
At low T, the two lines are found to overlap due to strong broadenings. In order to deconvolute the two contributions, we took advantage of the different transverse relaxation times T 2 of the two lines [ Fig. 1(b) 
2c =I 71 2d 2 0:8 stays close to 2=1 down to 10 K. No significant loss of intensity was observed down to this temperature.
The Kagomé bilayer susceptibility Kag is revealed in the shift K 71 2d of the Ga2d line [13] , presented in Fig. 2 . It increases when T decreases for T 80 K, reaches a maximum around T max 45 K, and decreases below. A phenomenological CW law, K 71 2d C NMR =T NMR , is an accurate fit for T > 80 K with NMR 380 10 K. Although very common, this is a rather crude approximation in a T range of the order of CW . In the absence of any prediction for S 3 2 , we used the high-T series expansion of Kag , derived for a S 1 2 Kagomé lattice, to correct NMR by a factor 1.5 [16] . From CW zSS 1J=3 and z 5:14, the average number of NN for the Cr 3 of the bilayer, we extract J 40 K.
In SCGO(0.95) [ 10] . The existence of a gap in Kag was already an important issue for SCGO(0.89) [13] , since it would be a unique signature of the existence of a singlet ground state. For S 1 2 , its value is predicted to be J=20 [18] , which should be little influenced by the spin value [19] . Its definite observation would then require T < in order to observe the exponential decrease of Kag . Since our data are measured above J=4 10 K, we only tentatively fitted K 71 2d with the phenomenological function / expÿ=T=T NMR . Although the value J=10 4 K is emerging, further details of the variation of the susceptibility are not accounted for, e.g., the relative sharpness of the variation of Kag around T max [20] .
P H Y S I C A L R E V I E W L E T T E R S
Rather than a sign of a gap, it was suggested in [13] that the maximum of Kag would be the landmark of a moderate increase of magnetic correlations, later confirmed by neutron measurements [21] . Susceptibility calculations were further performed in Kagomé and pyrochlore lattices with Heisenberg spins, using the socalled ''generalized constant coupling'' method (GCC) [22] . The fits for the S 3 2 Kagomé and pyrochlore lattices, in between which the Kagomé bilayer susceptibility is expected to lie, yield very close values of the CW temperature CW 238 3 K (Fig. 2) . One extracts J 37 K for BSZCGO(0.97), consistent with the high-T series expansion.
As expected, the GCC computation fits quite well the data around T max . It shows only that the strongest underlying assumption of this cluster mean-field approach is relevant; i.e., the spin-spin correlation length is of the order of the lattice parameter. This is also proven by neutron diffraction [23] .
The linewidth is the second important piece of information which we extract from our data. It is indeed due to a distribution of susceptibility which is related to the existence of defects and to their nature [10] . In Fig. 3 , we compare the linewidth H=H l obtained for BSZCGO(0.97) to the one obtained for a comparable dilution in SCGO(0.95). In both samples, H=H l follows a Curie-like behavior which was shown to be characteristic of magnetic defects in SCGOp. Surprisingly, in BSZCGO(0.97), the linewidth is 4 times larger than in SCGO(0.95). This ratio cannot be explained by a variation of hyperfine constant, which, from the ratios of C NMR , was estimated to a maximum of 20%. In addition, the Ga2d linewidth in BSZCGOp could be measured for various p at T 50 K [ Fig. 3 (inset) ]. Contrary to SCGOp, where H=H l extrapolates to 0 for a perfect lattice (p 1), we find that it reaches an asymptotic nonzero value in BSZCGOp for 0:86 p < 1. One could wonder whether the dilution of the magnetic lattice is larger than the nominal one. This can be ruled out since (i) we found the expected evolution of the line shape at 300 K with p [24] , and (ii) muon spin relaxation measurements indicate a regular evolution of the dynamical properties with p [9] . We then conclude that the extra width is not related to spin vacancies and reflects new p-independent defects in BSZCGOp.
Defect terms could also be probed using low-T macroscopic susceptibility measurements. We performed magnetization measurements under a field of 100 G, for 0:29 p 0:97, down to 1.8 K. No difference was observed between field cooled and zero field cooled branches down to this temperature, in agreement with [7] . Along the common route, one can simply analyze the data using the phenomenological fit:
The first term reflects the high-T weak variation of the susceptibility due to antiferromagnetic interactions. From this fit, we can extract a p-independent effective moment per Cr 3 , p eff 4:1 0:2= B , close to 3:87= B expected for S 3 2 . From the linear variation of p 1:5 CW p [ Fig. 4(a) ], we extract J 40 K, consistent with our NMR result. 
